W HEN PEOPLE BEGAN to envision picture, archiving, and communication systems (PACS) about 20 years ago, the computer hardware then existing was not up to the task. Demonstration projects in academic institutions began to explore the vision. Hardware limitations like the speed and capacity of disk drives, standard network protocols, and the limited resolution and contrast of electronic displays were very real barriers to clinical operations.
W
HEN PEOPLE BEGAN to envision picture, archiving, and communication systems (PACS) about 20 years ago, the computer hardware then existing was not up to the task. Demonstration projects in academic institutions began to explore the vision. Hardware limitations like the speed and capacity of disk drives, standard network protocols, and the limited resolution and contrast of electronic displays were very real barriers to clinical operations.
Most of these efforts were done internally at academic institutions, although some were in cooperation with industry. Smaller projects aggregated into larger ones, and, at last, some PACS emerged. In 1993 a survey found 13 large PACS, 1 anda 1995 survey found the number of large PACS had grown to 23. 2,3 The definition of large PACS used in those and this survey can be found in the discussion section.
The later 1990s in particular saw very large gains in the technical performance of central processing units; RAM memory; disk storage speeds and capacity; the broad availability of faster standard networks like FDDI, ATM, and fast Ethernet; and, more recently, improvement in long-term archive capacities and speed. Also important were improvements in the quality of software, in the interfaces with other information systems, and advances in the DICOM and HL7 standards. These advances occurred as p¡ decreased, and many commercial vendors began to offer PACS.
At large radiology meetings users would wonder if they were the only department that had not yet ordered a PACS. Further, these systems operated nearly without flaw, it would seem. Where were all those other hospitals getting large sums of money for PACS in a time of health care underfunding? How real are these impressions? How real is PACS? This study was undertaken to address such questions as well as to ascertain what features were in clinical use on both older and more modern PACS.
It was decided to survey a large group of facilities without attempting to locate every last PACS. Only systems in actual clinical operation on a certain date, February 1, 1998 , would be eligible. Systems of any size in hospitals of all sizes and outpatient facilities would be included. The survey was designed with 2 inquiry pe¡
The first was conducted from 3 to 9 months after the February 1 date to gather initial impressions and judgments. In radiology? 
ee75 Fig 1. This is the survey form used in the first survey period, that is, 3 to 9 months after the February 1, 1998. It usually was faxed with a cover sheet. The name and telephone of the recipient (above question 9) and the facility name and address (in the lower right hand corner) usually were printed on the form from the database. The form also served as both a cover sheet and the message as a return fax, because the block on the left contained the name and fax number of one of the authors. Asia  15  14  93  13  1   Australia  1  1  100  1  0  Europe  550  72  13  41  18   North America  431  276  64  122  39  Totals  997  363  36  177  58 NOTE. The right-hand column are facilities that did not have a PACS, but they reported they plan to get one within 2 years.
The second survey was done 2 years later to detect changes and long-term successes or lack thereof.
MATERIALS AND METHODS
Hospitals and other facilities to survey were identified in several ways. Vendors were asked for lists of active systems. The authors also relied on personal knowledge and the advice of colleagues as well as on information gathered at meetings. A significant help was a listing of hospitals in the United States furnished by a marketing group.
The surveys were conducted mainly by fax. Some e-mail inquiries also were used. Obtaining the fax number or the e-mail address and name of the correct individual at each facility was nontrivial, time consuming, and expensive. The facility telephone numbers o¡ furnished often had changed because of the widespread creation of new atea codes throughout the United States.
All respondents were asked 3 initial questions: facility bed size, did they have an operational PACS on February 1, 1998 , and, if not, did they plan to acquire a PACS?
Only those with an operational PACS were asked to complete the full survey form (Fig 1) . Surveys were returned, usually by fax, and the responses were entered into a database for analysis.
The data furnished on the surveys were accepted without any special validation. Special further inquiries by us were usually not done, limited to rare instances of outlier responses. In one case, 10 of 83 facilities furnishing data on filmless operation were excluded from analysis because they did not also report soft copy interpretation of the filmless modality types. In reading and interpreting the survey results, remember that no information is included from facilities that did not return the survey form.
RESULTS

Information in the Survey
Just under 1,000 facilities were surveyed (Table  1) . A total of 363 of 997 surveys were returned, a 36% return rate. A total of 177 PACS were identified. In addition, 58 departments indicated they planned to acquire a PACS within 2 years. The distfibution of the 177 systems in clinical operation on February 1, 1998 and of those planned is shown in Table 1 .
Facilities were subdivided by the number of beds into small, medium, or large hospitals or outpatient facilities (no beds). Enterprise systems, that is, organizations with 1 or more hospitals and outpatient facilities, were ranked according to total bed capacity. The distribution of the 177 PACS by facility type is shown in Table 2 by continent.
INFORMATION ABOUT THE PACS
Respondents were asked to characterize their systems in several ways. One question dealt with whether the PACS was accessible only within radiology or whether it served only 1 hospital oran enterp¡ organization. This distribution of systems by continent is in Table 3 .
Note that data from only 124 facilities are presented in Table 3 . Not all surveys included responses to all questions. In Table 3 and the following tables all appropriate data furnished in the survey are used, and the number of facilities providing it is shown.
How the system was developed is conveyed in Table 4 . Was the development entirely within the institution (in-house), entirely commercial, ora mix of the 2 approaches?
The respondents worldwide reported 27 differ- ent PACS vendors! The numbers of facilities by vendors is shown in Table 5 by continent. The number of vendors in the table is lower because of mergers. Note that any vendor might have other facilities that either were not surveyed of that did not answer the survey. The respondents were asked for the number of display terminals outside of and inside the radiology department and how many interpretation workstations there were in the radiology department. The means and ranges of the number of terminals are presented by hospital size and by continent in Table 6 . Whether the terminals were connected via DICOM, Intranet, or another method is shown in Table 7 .
BAUMAN AND GELL
Information on PA CS Operations
A total of 133 facilities fumished data about aspects of the modality types that comprise their PACS. The survey requested the percentage of each of 8 modality types on a PACS. In the earlier 1993 and 1995 surveys many modality types were reported to have only a portion of the total examinations for a modality type actually on the PACS. It was notable that now most modality type percentages reported were at 100% on the PACS. Fewer than a quarter of all facilities had any modality types at lower percentages and then usually only 1 to 3 such modality types with others at 100%. Less than 5 reported PACS with only partial modality types on their PACS.
The 8-modality types queried in roughly alphabetical order were computed radiography (CR), computed tomography (CT), digital angiography (DA), digital fiuoroscopy (DF), magnetic resonance imaging (MR), nuclear medicine (NM), ultrasound (UL), and mammography.
In Table 8 the number of different modality types that are connected to the PACS are the groupings shown in the left-hand column. For each Australia n = 1 NOTE. n = number of facilities reporting data.
modality type (eg, CR, CT) the percentage of PACS in that category that have 1 or more of each modality type present is shown in the column for that modality type and group. More than 75% of the devices of a modality type must be on the PACS for it to be counted. The numbers on the bottom line are the total number of each modality type reported on any PACS. A total of 126 facilities furnished the percent of cases archived in a long-term archive by modality type. One hundred three (83%) archived all or almost all of their studies, meaning that 90% to 100% of every or almost every modality type on the PACS was archived. Sixteen more (13%) archived a significant part of their cases, and 6 others archived only some examinations. Note, we cannot say how much long-term archiving is being done by facilities that did not furnish these data. Long-term archive compression ratio information was furnished by 144 facilities. Usually data were given for some but not all of the modality types in use. Different ratios for different modality types were not infrequent. Users of 3 vendors reported their vendor used no compression. Sixteen further respondents reported compression ratios in the lossless range. This is 70% (19 of 27) vendors that did not use lossy compression. The remaining 8 vendors were reported to use no or lossless compression for most modality types and irreversible compression for a few modality types with ratios ranging from 10:1 to 22:1 including DR Systems, Emed-Access, General Electric, Hyundai, KCC, Nippon Electric Company, Philips Medical Systems, and Siemens. Bear in mind that the respondents might have made errors in the ratios. These data were not furnished by, nor confirmed with, the vendors.
Primary interpretation of imaging studies displayed on workstation monitors, often called soft copy reading, was queried, Six departments reported reading 100% of 7 modality types from soft copy. The 100% soft copy reading of various numbers of modality types according to facility size is in Table 9 . The distribution by continent is shown in Table 10 . The percentage distribution of 100% soft copy reading of modality types and subdivided according to the number of modality types so read is presented for all responding facilities in Table 11 .
Five departments reported that 100% of their mammograms were on their PACS, 3 in Asia, 1 in Europe, and 1 in North America. One Asian and 1 European department reported 100% soft copy of reading of mammograms. One other European facility reported reading 20% of their mammograms by soft copy. Lastly, only 1 department in Asia reported 100% filmless mammography. There is no information from any of these facilities on how the mammograms were acquired or read from soft copy.
Some PACS began "filmless" operations before the 1995 survey. Producing and storing images without the use of film requires soft copy interpretation. The further cost savings of filmless operations make it attractive. Yet, in 1998, only a minority of the responding facilities reported filmless operations. The respondents were asked to furnish the percentage of each of 8 modality types that were filmless in their facility. Film-based images made for extrahospital use, for operating room use, or other such secondary purposes were allowed.
In this study, facilities reporting filmless studies were divided into 5 groups using the criteria below: complete]y filmless, almost filmless, largely filmless, moderately filmless, and some filmless studies.
9 A facility with 7 or 8 99% or 100% filmless modality types was rated as "completely filmless." 163 9 A facility with 6 or more modality types filmless at 75% or more was rated as "almost filmless." 9 The "largely filmless" group required 4 or 5 modality types at 75% or more. 9 A facility with 3 modality types filmless at 75% or more was rated "moderately filmless." 9 The "partially filmless" group reported sometimes lower percentages in at least 3 modality types. 9 The "some filmless" was used for facilities reporting some filmless work in 1 or more modality types.
The distribution of ¡ operations reported by 73 facilities is shown in Table 12 . Of course, any PACS might be "filmless" for 1 or more modality types. These categories attempt to quantify the results with reference to how "filmless" a depamnent is. They are not likely to work well for outpatient facilities and some smaller hospitals. Note that a small hospital oran outpatient facility with only 1 of only a few modality type(s) might actually be "completely filmtess" but be classified less so by these crite¡ No information on how many modality types existed in a facility was solicited.
The percentage distribution of the 75% to 100% filmless modality types in each of the groups is shown in Table 13 .
A total of 133 facilities gave yes or no answers to whether they did teleradiology. Their distribution is presented in Table 14 . There isno information on whether the other facilities did teleradiology.
Large PACS
The criteria for "Large PACS" (see Discussion) used in the 1993 and the 1995 survey were applied to the 1998 responses. Table 15 shows the growth that has occurred.
Information on User Satisfaction
The initial survey asked 3 questions about the PACS (Table 16 ). Has your PACS met your expectations? Is your PACS cost effective? Would you recommend PACS to others?
The almost unanimous recommendation of PACS to others is remarkable. These responses were obtained 3 to 9 months after the set date of February 1, 1998 for clinical operations. Thus, all respondents hada minimum of 3 months of actual experience and some much more. Note that even those whose expectations were not met and those who found their system not to be cost effective did recommend PACS to others. Only 4 facilities (<3%) would not recommend PACS to others. One of these from Asia did rate their PACS both cost effective andas meeting their expectations.
The Second Survey--2 Years Later
The second survey posed 10 questions (Fig 2) . It addressed long-term user satisfaction levels with their PACS and their vendors, the number of radiographic and the number of total examinations on the PACS in 1998 and in 2000, and how images were or were not made available electronically to clinicians. More than half (n = 92) of the identified PACS responded to the second survey.
Changes in the Use or Size of the PACS After 2 Years
The replies are shown in Table 17 . Four of the 5 PACS unchanged in size already handled 100% or almost 100% of their examinations on the PACS in 1998. The other was quite small.
Most of the 5 facilities that abandoned or decreased the use of PACS had older systems that apparently did not or would not expand well. Only one of these five responded to the second survey question on recommending PACS to others. That facility, although they had abandoned their system, still recommended PACS to others! The number of examinations for each modality type and the percent of each modality type on the PACS were requested in the 1998 survey. Answers were inconsistent and occasionally hard to interpret. In 2000 the users were asked what percentages of all examinations (except mammography) were on the PACS in February, 1998 and in 2000. Twenty-eight reported that less than 35% of their examinations were on the PACS in 1998. Thirteen of this group increased less than 30% in 2000. The other 15 increased the percentage of their examinations on the PACS from between 35% to 90%. A middle group beginning with 35% to 89% numbered 34 systems. Ten of these changed little over Dear Colleague, Thank you for your response to our survey of PACS operational in February of 1998. That first survey round was done 4-9 months after that date to ensure you had had some experience. We ate ready to publish the survey results as soon as we add the Ionger term follow-up responses in round 2 about which I am now writing.
Please answer these few questions and return them to us. Plain radiographic examinations constitute 70% to 80% numerically of the total examinations in some departments. The percentage of these studies on the PACS also was queried. They do pose difficulty in handling them digitally. Identification problems and labor costs virtually rule our digitizing film-based studies.
In 1998 only 39 (46%) of 85 facilities reported 50% or more of their plain radiographic studies to be in digital form on their PACS. The greater part of the majority of facilities had less than 15% of their cases on the PACS. A move to CR and DR is evident in the 2-year period, as in 2000, 45% of the PACS had 90% or more on the PACS with an additional 36% at over 50%, a total of 81% with more than 50%.
Vendor Satisfaction After 2 Years
A total of 91 users indicated their satisfaction level with their original vendor (Table 18 ). Users also were asked if hey had changed vendors since 
Images for Clinicians
Eighty-four percent of respondents did make images available to clinicians in electronic form (Table 19) . Twenty-four percent of facilities reported that they did selecta subset of images for clinician viewing.
DISCUSSION
This survey has confirmed the presence of a large number of PACS worldwide. Although extensive, this survey was not meant to be exhaustive. Generally, only 2 attempts were made to obtain responses from a facility. Some facilities known to have PACS chose not to respond.
Certainly, many PACS have been installed since the survey cutoff date of February 1, 1998 . PACS are now operating in Africa and South America. Limiting this survey only to systems in actual daily clinical operation on a certain date was essential to defining the 2 survey periods.
This survey included PACS of all types and sizes. The earlier 2 surveys looked only at socalled "large PACS." The criteria used in 1993 and 1995 for such systems included (1) 3 or more digital modality types, (2) daily clinical operation, (3) terminals in and outside of radiology and a minimum of 20,000 annual exams on the PACS. What a difference between 1993 and 1998! Those then difficult-to-meet criteria now seem simple. Using those criteria there were 65 "large PACS" in 1998. In 1993 there were 13, and in 1995 there were 23. We believe the 1993 and 1995 counts were complete. The number of "large PACS" is known to be undercounted in 1998.
Opinions of PACS Users
Perhaps the most startling single finding in the survey was almost unanimous (97%) willingness of the owners to recommend PACS to others. This was even true for those whose PACS had not met their expectations or was not viewed as cost effective. With many fewer responses all were willing to recommend PACS in 2000.
Another impressive response in 1998 was the 65% of the users who declared their PACS to be cost effective. The problem of properly attributing soft benefits in patient care, length of inpatient stays, benefits to clinicians and other factors to PACS are well known and vexing. This result is impressive particularly because the respondents are experienced users, anonymous, and not requesting a new system! In 2000 the 67% vote for cost-effective systems was unchanged.
In 1998 81% of the users reported that their PACS had met their expectations. A smaller group of respondents were similarly positive in 2000.
Satisfaction in the 2000 survey with the original vendor was given as satisfied or very satisfied in 67%. An additional 30% had mixed feelings. Eighty-nine percent of the facilities continued to use their original vendor.
The trend to expand the PACS between 1998 and 2000 was unmistakable with 89% reporting some expansion. The survey did not ask the system install dates, but from the high response rate, it would appear that both older systems as well as more recently installed systems underwent expansion. Many factors probably contributed, including more DICOM systems, decreased equipment costs, workflow improvements, and increased deployment of CR and DR units.
The use of both CR and DR was much changed from 1998 to 2000. There was a spectacular increase to 81% of facilities with greater than 50% of their plain radiographs on the PACS. Forty-five percent of these facilities had more than 90%. Of course, adding the numerous (and data intense) higher-resolution radiographic studies increased the percentage of the total departmental examinations handled by the PACS. The 24% of the facilities in 1998 with more than 80% of all departmental studies jumped to 56% on the PACS in 2000.
Furnishing images to locations outside of the radiology department was well established in 1998. There were 14 systems that reported more than 100 display stations outside of radiology, 2 in Asia, 4 in Europe, and 8 in North America. The numbers ranged up to 7,000 stations, with others at 250, 400, 500, 700, and 700. These were mainly, but not all, academic centers. They also were enterprisetype PACS. Most of them are early users of Intranets to connect to personal computers (PCs) throughout the hospitals, clinics, and offices of their enterprises.
Operations of the PACS
The 1998 systems have a broad range of included modality types. Systems with 6, 7, or all 8 modality types comprise 45% of the total. Systems with 5 modality types add another 21%. The percentage of each modality type on PACS with various numbers of modality types is in Table 8 .
Taking all PACS into account the most commonly found modality type is CT at 83%. A1-though all of the PACS with 4 or more modality types include CT, it is surprising only 18% of 1 modality-type PACS had CT (38% of PACS with 2 types of modalities). One might expect MR to be close behind CT, but instead, there are 3 modality types grouped in a second tier. CR is next at 71%, then MR at 70%, and ultrasound at 66%. A third tier includes DF at 50%, and DA and NM at 43% each. NM has used computers for some time, so there might be problems with interfacing existing systems with a PACS. Another surprise was to find 5 hospitals reporting 100% of mammograms on their PACS. Three facilities reported soft copy reading of 20%, 100%, and 100% of their mammograms on the PACS. The first 2 are in Europe, and the latter is in Asia. The Asian facility also reported handling all of their mammograms filmlessly. No attempt was made to verify or question these reports.
The number of facilities using soft copy reading and the number of modality types so read in 1998 were both higher than expected. Thirty-one of facilities were reading either 5, 6, or 7 modality types from soft copy. Three modality types were read by soft copy in 50% or more of all reporting facilities: ultrasound at 58%, CR at 51%, and CT at 50%. MR was at 39%, and DA, DF, and NM all were in the low 30s.
The last surprise is that 73 facilities were already doing some filmless work in 1998. It is also im-
